This paper summarizes a comprehensive study for non-Gaussian properties of wind pressure. The field measurements are implemented on the structure surface of a rigid structure, while a large-span membrane structure is selected as the flexible structure wind pressure contrast group. The non-Gaussian characteristics of measured pressure data were analyzed and discussed through probability density distribution, characteristic statistical parameters, power spectral density function, and the correlations, respectively. In general, the non-Gaussian characteristics of wind pressure present depending on tap location, wind direction, and structure geometry. In this study, the fluctuating wind pressures on the windward side and leeward side of the structures show obvious different degrees of non-Gaussian properties; that is, the surface of rigid structure shows strong non-Gaussian property in leeward, while the roof of flexible structure shows obvious non-Gaussian property in windward. Finally, this paper utilizes the present autospectrum empirical formula to fit the wind pressure power spectrum density of the measured data and obtains the conclusion that the existing empirical formula is not ideal for fitting of the flexible structure.
Introduction
Wind loads possess stochastic characteristics, especially the fluctuating component, which may force the engineering structure to flutter, torsional vibration, and other forms of wind-induced random coupling vibration. In the 1970s and 1980s, research on characteristics of wind load on structural has begun; Dalgliesh [1] computed the pressure coefficients of measured wind pressures to better identify potential problem areas on high-rise building. Holmes [2] compared correlations and spectra of pressure fluctuations on the windward and leeward faces of a 43 m high building and found the error of quasi-steady linear theory. Stathopoulos and Surry [3] made a contribution to the question of scaling for low building models in wind-tunnel experiments. Nevertheless, they did not consider the problem of the non-Gaussian characterization of wind pressures. In some separate flow regions, the wind pressure distributions show obvious nonGaussian characteristics [4] [5] [6] due to the influence of air separation, reattachment, and vortex shedding. This kind of wind pressures with asymmetric distribution and sharply pulse peak, which has close correlations with the vortex movement of the wind field, leads easily to the fatigue damage of structure and is the major cause of local structural damage [7] . Compared with the Gaussian wind pressures, the non-Gaussian wind pressures take on the feature of asymmetric and/or leptokurtic distribution, which is the nonnormal distribution. Many researchers have contributed to research on non-Gaussian processes [8] [9] [10] [11] [12] [13] . Kumar and Stathopoulos [4, 5] expounded the existence of the nonGaussian wind pressures on the flat and herringbone roofs of low-rise building and conduct the partitions of the Gaussian and non-Gaussian areas. Through a wind-tunnel test, Ye and Hou [6] tested that wind pressure shows obvious nonGaussian characteristics on the windward edge area and the corner of long span roof and partitioned the non-Gaussian region of wind pressure using the curve fitting method based on the K-S test. Through a wind-tunnel test on rhombus super high-rise buildings along with chamfers, Lou et al. [14] partitioned the Gaussian and non-Gaussian distributions of fluctuating wind pressures on the structural surfaces under consideration of different wind direction angles, respectively, and found that there exist remarkable non-Gaussian wind pressures on the flow separation zone of lateral inlet edge and the incisal angle region of leeward and windward side. The non-Gaussian characteristics of pulsating wind pressures on square high-rise buildings were researched by Han and Gu [15] through a wind-tunnel test; the results show that nonGaussian characteristics are prominently affected by the wind angle. On the windward surfaces, both positive skewness and negative skewness of the wind pressures are present, and the kurtosis and skewness values are relatively small. On the surfaces impacted by separated flow and wake, only negative skewness is present; both kurtosis and skewness values are relatively large. Recently, a new moment-based polynomial model for coping with hardening non-Gaussian processes with kurtosis less than three was presented in Ding and Chen's work [16] . Ma et al. [17] presented a hybrid data and simulation-based (HDSB) approach that incorporates simulated data based on an autoregression (AR) model with an inverse Johnson transformation to estimate the extreme values of non-Gaussian wind pressures.
Previous studies on the non-Gaussian characteristics of wind pressures are mainly conducted through wind-tunnel test data, while the field measurement data of non-Gaussian wind pressure is very limited. Li et al. [18] investigated the characteristics of tropical cyclone-generated winds and evaluated the wind effects on a typical low-rise building under tropical cyclone conditions through field measurements.
Large-span membrane structure, as a new appearance structure, has superior mechanical properties and light transmission. Some researchers [19] [20] [21] [22] have done research on it. Bartko et al. [19] collected the wind speed, wind direction, and wind pressure field measuring data for extended time periods to analyze the wind interaction with low slope membrane roofs. Zheng et al. [21] simulated the mean wind load on the long-span membrane roof of the EXPO-axis by adopting Realizable -turbulent model and investigated the effects of surrounding buildings on the mean wind pressure distribution on the membrane. Luo et al. [22] presented a zero memory nonlinearity (ZMNL) transformation based method to simulate the stochastic fluctuating wind pressure field acting on a large-span membrane roof, which consists of Gaussian and non-Gaussian regions. However, academics have yet to systematically discuss the non-Gaussian property of the flexible structure; it is thus urgent to investigate.
The power spectrum of pulsating wind pressure is based on a limited data collection to describe the power (on the frequency) distribution of fluctuating wind pressure. Many scholars [23] [24] [25] [26] [27] [28] [29] [30] have done some research on fitting the wind pressure autospectra data with empirical formulas. The universal model of wind velocity autospectra has been described by Olesen et al. [31] and Tieleman [32] as follows:
where is frequency in Hz;
( ) is the variance of wind velocity (or wind pressure); is the fitting parameter; is a feature length in m, which can be selected as the height of the structure or a constant length over the entire height; is mean wind velocity in m/s. Li et al. [29] found that coefficient parameters, , , and , are related to the location of the autospectral curves and index parameters, , , and , are related to the shape of the curve. Sun [26] and Pan [27] applied (1) in empirical formula of wind pressure autospectral model with identified parameters = 1, = 2, and = 1 in Sun [26] and = 10/3, = 1, and = 1 in Pan [27] , respectively. With the aim of building an aerodynamic database for engineering application, Sun et al. [33, 34] and Shao [35] have made large amounts of wind-tunnel tests on large-span roofs, and the spectra of these wind pressure data were fitted with the wind pressure autospectral formula as follows:
This paper summarizes a comprehensive study for nonGaussian properties, in which wind pressure time series is measured at different locations on two types of structure: the structure surface of a rigid structure and the roof of a flexible structure. Probability density distribution, characteristic statistical parameters, and the correlations of the measured pressure data were analyzed and discussed. Finally, this paper utilizes the present autospectrum empirical formula to fit the wind pressure power spectrum density of the measured data.
Statistical Parameters of Non-Gaussian Stochastic Process
According to the theory of random process, the first fourorder statistical parameters, the mean, variance, skewness, and kurtosis, are the mathematical characteristics of random variables. For the random Gaussian process, the probability density function can be determined by only using the first two-order statistics parameters (i.e., the mean and variance), while it is very difficult for the non-Gaussian stochastic process. It needs high-order statistics parameters such as the third-order, fourth-order, or higher-order ones [36] .
is the center of random process, which takes 0 value in the fluctuating random process. And the variance 2 = ∫ +∞ −∞ 2 ( ) is the degree of the deviation from the center. The third-order and fourth-order statistics parameters, namely, the skewness SK and kurtosis , are used to describe the asymmetry and flatness degree of the distribution centered on the mean value, respectively. They can be stated as follows:
Shock and Vibration where ( ) is the probability density function of stochastic process . Treated as a random process, the discrete random fluctuating wind pressure { | = 0, 1, 2, . . . , − 1} can be characterized by the following four-order statistics parameters:
The skewness and kurtosis of Gaussian stochastic processes are fixed. A skewness value of zero and a kurtosis of 3 mean that the stochastic process follows normal distributions; otherwise it is a non-Gaussian stochastic process. For the skewness value, when it is greater than 0, the distribution curve is positive skewness, and the long tail of the curve is in the positive direction of the horizontal axis; when it is less than 0, the curve is negative skewness, and the long tail is in the negative direction. For the kurtosis value, when it is less than 3, the distribution curve is lower than the normal curve; when it is greater than 3, the curve is steeper than the normal curve. Figure 1 . Zhi-hong et al. [37] have started Yueqing Sports Center stadium membrane surface of the overall pressure measurement study on 25 December 2012. The installation and commissioning are started in mid-April 2013; the wind speed, wind direction, and wind pressure data measured under the strong wind/typhoon will be open to the world. The stadium has a total of 38 cable girders, with 3 corners of the stadium each without paving. According to the rigidity model test results of wind tunnel and the general law of flow field separation and evolution, the layout of wind pressure measurement points on the membrane surface is shown in Figure 2 . The wind pressure sensor is installed at the top and bottom of each measuring point, and the wind pressure time course of the upper and lower surface of the membrane can be monitored synchronously. Wind pressure monitoring system equipment mainly includes lightning-type wind load sensor CYG1721 (top surface) and the mine-type differential pressure sensor CYG1722 (lower surface), 256-channel sampler, and shielding gas lead waterproof cable; the specifications of the device model are given in Table 1 .
Field Measurement Program and Data Analysis
Wind pressure equipment on-site layout is shown in Figure 3 . The geodetic coordinates of the 21 measuring points on the middle three pieces of the membrane structure for the sampling and the measured wind pressure data corresponding to the upper and lower membrane surfaces were achieved. The three-dimensional scanning diagram is shown in Figure 4 , and the planar layout of the flexible structure is shown in Figure 5 . Wind pressure data sampling frequency is 100 Hz. The monitoring time was from 0:00 to 12:00 on 14 July 2013, when the super typhoon Suli was weakened and landed at Yueqing City, Zhejiang Province. The maximum wind speed reached 11.59 m/s, and the wind power level reached 6 grades. Strong winds can be used as the data for the analysis of non-Gaussian properties of flexible structures under strong winds.
The measured wind pressure data includes 21 points' upper surface wind pressure ( ) and lower surface wind pressure ( ); the integrated wind pressure of 21 points can be obtained by differential pressure formula Δ ( ) = ( ) − ( ) as shown in Figure 6 . The measured wind pressure values at 21 measurement points have different levels of intermittent large pulse values, that is, non-Gaussian characteristics. By verifying the probability density function, it was found that the wind pressure value of point #4 was too large and was obviously disturbed by noise; thence it is not suitable for analysis.
According to the records of the wind speed and wind direction measuring instruments, the horizontal wind speed and wind direction are obtained in Figures 7(a) and 7(b) . In the detection period, the wind direction around the Yueqing stadium is 180 ∘ to 225 ∘ , which belongs to the southeast wind. Select as the time interval; the mean wind speed V can be expressed as
In general, takes 10 minutes as the basic time interval, but, in this study, the selected measuring time is only one hour; it is difficult to reflect the characteristics of the wind field if it takes 10 minutes as time interval, so 3 minutes are chosen as the basic time interval. The mean wind speed time history and mean wind direction time history of the basic time interval are shown in Figures 8(a) and 8(b). In the restricted observation time from 4:00 to 5:00, the total average wind speed is 4.55 m/s, and the maximum average wind speed at 3 min is 5.86 m/s.
Rigid Structure Field Measurement.
In order to analyze the non-Gaussian characteristics of wind pressure acting on the rigid structural surface, a rectangular masonry structure (length: 5.5 m; width: 3.6 m; height: 1.85 m) on the roof of an office building located in East China Jiaotong University was chosen as the test object, and the field measurement of wind pressure was implemented, respectively, on 23 November 2012 and 1 March 2013.
The first scheme of rigid structure (R1) as shown in Figure 9 was carried out on 23 November 2012. The weather of the day was northeaster and wind force scale was 3∼4. The second scheme of rigid structure (R2) as displayed in Figure 8 was implemented on 1 March 2013. On the day, the blue warning signal of a gale, norther with wind force scale of 7∼8, was released R1 was arranged to test the wind pressure on the corner of the masonry. In this scheme, the pressure sensors from #1 to #5 were fixed on the metope AB of the rectangular structure as shown in Figure 9 (b). And other sensors from #6 to #10 were installed on the metope AD. The vertical interval of these sensors on every wall is 21 cm, and the horizontal distances to corner A are 23 cm. In addition, the perpendicular distances from the masonry top edge to the pressure sensors #1 and #6 are 18 cm.
R2 was designed to measure the wind pressure around the structure. In the same horizontal plane, as indicated in Figure 10 (b), #1 to #3 and #7 to #9 sensors fixed on AB and CD metope, respectively, were set using the interval of 2.45 m, while #4 to #6 and #10 to #12 sensors on BC and DA metope, respectively, were arranged by the interval of 1.5 m. All the 12 wind pressure sensors are 39 cm away from the top edge of the structure. #1 and #12, #3 and #4, #6 and #7, and #9 and #10 sensors, respectively, have a horizontal distance of 30 cm to corners A, B, C, and D of the structure.
A kind of pressure sensor, CYG1513T, has been developed to measure wind pressures by the way of attaching to Shock and Vibration the building surface, and the field measurement adopting CYG1513T to test the wind pressure on a building structure has been carried out in the literature [35] . Then, the kind of pressure sensor was improved by the developers as the type CYG1721T becomes thinner and smaller. In the two field measurements, the improved sensor, CYG1721T, set in the two field measurements, and the low-pass filter of 10 Hz was adopted to improve the wind pressure data collection.
In the process of R1, it is northeaster on that day. Therefore, DA metope was located in the windward side; AB metope belonged to the nonwindward side. On the day of the R2, it is norther. So, AB and DA walls were situated in the windward side, while BC and CD walls were seated in the nonwindward side. The measured wind pressures of two tests are shown in Figures 11 and 12 . Apparently, all of them possess the sharp intermittent pulse, which shows the non-Gaussian characteristics. It can be observed from Figure 11 that the skewness of wind pressures on the windward side is not very obvious; namely, the distribution of wind pressure is symmetry, while wind pressures on the nonwindward side reveal marked skewness. Likewise, in Figure 12 , the wind pressures of the nonwindward sides BC and CD are more skew than those of the windward sides AB and DA. Therefore, it can be determined that the nonwindward side and the windward side have different degrees of non-Gaussian wind pressures, and the skewness of wind pressures on the nonwindward side is more obvious.
However, in order to further research the features of the non-Gaussian wind pressures for rigid structure and flexible structure, it is necessary to analyze the probability distribution function (PDF), high-order statistical characteristic, correlation, and power spectral density (PSD).
Results and Discussions

PDF of the Non-Gaussian Wind
Pressures. The probability density function (PDF) describes the numerical distribution characteristics of random variables, and it is an important basis for studying the non-Gaussian properties of wind pressure. The PDF is calculated for the wind pressure values of field measurement programs and compared with the Gaussian-type distribution, respectively. The MATLAB code can be used to calculate PDF for the data of each measuring pressure point (e.g., point 10):
[mu, sigma] = normfit(point 10)
[f,xi]=ksdensity(point 10);plot(xi,f,'.'); hold on; y=-50:0.1:50;dd=normpdf(y,mu,sigma); plot(y,dd,'r-').
As shown in Figures 13, 14 , and 15, all the PDFs of the fluctuating wind pressures have some deviation from the Gaussian distribution. Namely, all the measured wind pressures show different degrees of non-Gaussian distribution. The PDFs of the measured wind pressures at different locations of the flexible structure roof are summarized in Figure 13 , in which Figure 13 (a) is the PDF of the wind pressure on AD side measuring points, Figure 13 (c) shows the PDF of the wind pressure on BC side measuring points, and the measuring points picked in Figure 13 (b) are inside the membrane. The corresponding measuring points of the windward side and leeward side in field measurement programs can be seen in Table 2 . The PDF of the wind pressure on AD side, as the leeward side, shows a property that approaches the Gaussian distribution, and the same conclusion can be found in the wind pressure PDF of the measuring points inside the membrane. Figure 13 (c) reveals that the wind pressure on BC side, which is the windward side, has obvious non-Gaussian properties with positive skewness and high kurtosis. In Figure 14 , the PDFs of the fluctuating wind pressures on the leeward side are markedly asymmetrical, while the PDFs on the windward side are nearly symmetrical. However, both the leeward side and the windward side have high kurtosis of PDF. In addition, it is not obvious for the difference among the PDFs of wind pressures acting on the vertical measuring points of the same wall, and it may indicate that the non-Gaussian wind pressures of the vertical testing points have good correlations. In Figure 15 , it can also be found that the leeward sides have markedly asymmetrical PDFs while the windward sides possess nearly symmetrical PDFs and that all the PDFs are with high kurtosis. Moreover, for the fluctuating wind pressures on the horizontal measuring points of the same metope, the similar PDFs may betoken that these non-Gaussian wind pressures are correlated. In conclusion, from the probability density function, the roof of flexible structure and the surface of rigid structure have a similarity that both of them show softening non-Gaussian characteristic with kurtosis higher than 3. However, the difference between them is shown as the roof of flexible structure shows strong non-Gaussian property Shock and Vibration in the windward side, which is also found by Kumar and Stathopoulos [7] , while the surface of rigid structure shows non-Gaussian property mainly in the leeward. The latter conclusion can be explained as follows: by the comprehensive effect of the separated flow and wake, the surface of rigid structure reflects negative skewness and large kurtosis (higher than 3) in the leeward side; this phenomenon has also been found by Han and Gu [15] .
High-Order Statistic Characteristic of the Non-Gaussian
Wind Pressures. For the non-Gaussian wind pressures, it is significant to master the high-order statistic characteristics, such as skewness and kurtosis. In order to analyze the highorder statistic characteristics, the measured wind pressures of rigid structure are divided into many segments in tenminute interval, while the measured wind pressures of flexible structure are divided into many segments in three-minute interval on account of the short sampling time. Based on these segments of the measured wind pressures, the relationships between skewness and kurtosis are displayed in Figures 16, 17 , and 18. It is known that the skewness and kurtosis of the Gaussian wind pressures are 0 and 3, respectively. However, it can be seen from the three figures that there are some deviations in the skewness and kurtosis between the measured wind pressures and the Gaussian wind pressure. By observing Figure 16 (a), the leeward side's wind pressures show weak non-Gaussian property with the kurtosis distributing mainly in the interval [2, 6] and the skewness is in the interval [−0.5, 1.0]. Figures 16(b) and 16(c) show the skewness and kurtosis of the fluctuating wind pressures on CD side and AB side which are parallel to the wind direction, and the distribution of skewness and kurtosis is similar to that in Figure 16(a) . The fluctuating wind pressures of the windward (BC side) measuring points in Figure 16(d) show the strong non-Gaussian property with the kurtosis distributing mainly in the interval [3, 7] and the skewness is in the interval [0.5, 2.0]. In Figure 17 , it can be found that the fluctuating wind pressures of the nonwindward measuring points #1∼#5 show negative bias, while those of the windward measuring points #6∼#10 display positive or negative bias. Meanwhile, the kurtosis distributes mainly in the interval [3, 9] when the skewness is in the interval [−1.0, 1.0]. In Figure 18 , these similar characteristics can be also found for the non-Gaussian wind pressures measured in R2. Besides, in these three figures, it can be seen that the kurtosis rapidly increases along with the increase of the absolute value of the skewness.
The Correlation of the Non-Gaussian Wind Pressures
The Correlation of the Wind Pressures between Measuring Points.
A correlation function is a function that gives the statistical correlation between random variables; it can be classified into autocorrelation function and crosscorrelation functions. The correlation of the non-Gaussian wind pressures measured in R1 is displayed in Figure 19 . From this figure, it can be determined that the correlation decays very quickly to zero after a really short delay time, and the correlation weakens along with the increase of spacing. In addition, the correlation of the non-Gaussian wind pressures on the DA metope is stronger than that on the AB metope, indicating that the correlation of the windward is better than that of the leeward. And, on the vertical measuring points of the same metope, the correlation decreases slowly, which is the reason why the spacing of measuring point is smaller and the wind simultaneously arrives at the vertical measuring point (namely, no existence of the phase angle). This may be the reason why, for the vertical measuring points of the same metope, the PDFs of the non-Gaussian wind pressures have no obvious difference as shown in Figure 14 .
In R2, between these horizontal measuring points, the correlation of non-Gaussian fluctuating wind pressure also conforms to the rule that the correlation decreases with the increase of spacing as shown in Figure 20 . Clearly, the correlation also decays very quickly. And the peak value of the correlation has an obvious time shifting, indicating that there exists the phase difference between the fluctuating wind pressures of these horizontal measuring points. The reason why the phase angle exists is that there is a definite angle between the same plane of the horizontal measuring points and the cross section of the wind and that the wind cannot reach each horizontal measuring point at the same time. Furthermore, the angle can influence the perpendicular distance from the horizontal measuring point to the cross section of the wind, so that it affects the cross-correlation of the fluctuating wind pressures between these measuring points. In Figure 20 , it can be also found that the correlation of the non-Gaussian wind pressures on the windward metope is stronger than that on the leeward metope.
The analysis of Figure 21 reveals the correlations of the measured non-Gaussian wind pressures for the flexible structure in different arrangement directions, which have a significant difference from the rigid structure. Figures 21(a) , 21(b), and 21(c) show the correlation of the measured wind pressures for the AD side points, the AB side points, and the BC side points, respectively. Compared with Figures 19 and  20 , the same conclusion can be obtained that the correlation of wind pressures between measuring points on the windward side is stronger than that on the leeward side, while the differences are obviously shown as follows: first, #18∼#14 in Figure 21 (a) and #21∼#20 and #21∼#19 in Figure 21 (b) show negative correlations, respectively. Owing to the complex wave structure of the membrane structure, the wind pressures of some measuring points like #9, #19, and #14 reveal negative values as shown in Figure 6 , simultaneously leading to the negative correlation of the wind pressure in some areas. Second, the maximum of the cross-correlation function or the minimum of the negative correlation indicates the point in time where the signals are best aligned; that is, the time delay between the two signals is determined by the argument of the extreme value [38] ; Figures 21(a) and 21(b) show the obvious delay time between the wind pressures of the measuring points due to the long distance and the changing wind direction. However, the delay time between the wind pressures of the measuring points in Figure 21 (c) is relatively close to zero, which means that the wind simultaneously arrived at the BC side measuring points.
The Correlation of the Wind Pressures on Upper and
Lower Surface of Flexible Structure. In order to further study the special relationship between the wind pressures of the flexible structure, the correlation analysis of the measured wind pressure data of the upper and lower surface of the membrane structure is carried out.
For large-span membrane structures, the direction of the wind pressure coincides with the direction of the upper surface wind pressure. The wind pressure coefficient Cp( ) of the measuring point can be expressed as where ( ) is the wind pressure measured on the upper surface of the measuring point and ( ) is the lower surface wind pressure; Cp ( ) and Cp ( ) are the wind pressure coefficients of the upper and lower surfaces, respectively.
The wind pressure root mean square coefficient Cp rms can be obtained by computing the root mean square rms of the wind pressure:
According to the nature of the multidimensional random variable [39] , (7) can be expressed as
where Cp rms⋅ ( ) and Cp rms⋅ ( ) are the upper and lower surface of the wind pressure root mean square coefficient, respectively. is the correlation coefficient of the upper and lower surface wind pressure, which is defined by
In order to facilitate the calculation, (8) is employed:
If the upper and lower surface wind pressure signals are not related to each other, that is, ≈ 0, the wind pressure root mean square coefficient Cp rms can be approximated as
Comparing (8) and Eq. (11), if there is a strong correlation between the upper and lower surface wind pressure signals, the approximate calculation of (11) will produce a large error. When > 0 andCp rms ( ) > Cp rms , the designed wind load is conservative; when < 0 andCp rms ( ) < Cp rms , the designed wind load is dangerous. Figure 22 (a) is the time-history analysis of the correlation of the wind pressures on upper and lower surface of the measuring point #1 by taking 3-minute averages, and it reveals that the correlation coefficient does not change with time obviously. Therefore, the average of all 21 measurement points can be obtained in the same way, and the correlation coefficient histogram of all 21 measurement points can be obtained as shown in Figure 22(b) .
By observing Figure 22 (b), the measuring points with negative correlation coefficients are scattered as Figure 23 . It can be found that most of these points are close to the BC side of the membrane, which is the windward side, and the correlation coefficient of the measurement points in the leeward side of the membrane is mostly positive. This phenomenon can be explained in physical sense. During the course of strong wind, due to the existence of the tilt angle of the membrane structure (AD surface is high; BC surface is low), the upper surface of the windward side edge of the membrane is under great pressure, and the lower surface of these area is subject to great suction due to Bernoulli effect, leading to the negative correlation of these areas, while other regional wind pressures reached a relative balance, belonging to the positive correlation area. For large-span membrane structures, this type of negative correlation causes a bigger wind pressure root mean square coefficient Cp rms . Therefore, when considering the structural wind load design value, the negative correlation area of wind pressure should be checked.
PSD of the Non-Gaussian Wind Pressures.
Power spectral density (PSD) estimation methods mainly include classical spectral estimation and modern power spectral estimation, namely, the parameter spectral estimation method. The process is estimating parameter model through the observation of data, and then the power spectrum of fluctuating wind pressure can be estimated by the output power of parameter model method. This method is proposed for improving the bad resolution and variance performance in the classical spectral estimation. This paper adopts the minimizing prediction error autoregression (AR) spectral estimation in modern power spectral estimation, and an analysis of power spectrum is made in measuring non-Gaussian pulsating wind pressure for both the rigid and flexible structures with the fitted wind pressure autospectral formula in (2) . The feature length of flexible structure is selected as the height of the membrane, and the feature length of rigid structure is chosen as the height of the rectangular masonry structure.
As shown in Figures 24 and 25 , the power spectrum of the non-Gaussian fluctuating wind pressure measured on the rigid structure fits nicely with (2); the parameters are shown in Tables 3 and 4 . The parameter has a large range from 10 2 to 10 5 . Such phenomenon has been also found with other spectral models such as Kumar [23] . However, the parameter has a stable range of values form 1.002 to 1.065, familiar with the identified parameter = 1 in Pan [27] . As expected, the parameters of the wind pressure autospectral formula fitted with the flexible structure in Table 5 show different ranges and the power spectrum reveled in Figure 26 shows obvious error with (2) . In order to find out a more appropriate empirical formula of the wind pressure autospectra for the flexible structure, Pan's autospectral formula [27] is utilized for fitting calculations as follows:
However, the result of Pan's fitting autospectral formula for the flexible structure is even worse as shown in Figure 27 . In summary, the present wind pressure autospectral formula cannot fit nicely with the PSD of the wind pressure for flexible structure, which will need further study.
Conclusion
In this paper, the non-Gaussian characteristics of measured pressure data were analyzed and discussed by comparing the measuring wind pressures on rigid structure and flexible structure, and the main conclusions are summarized as follows.
(1) From the analysis of PDF and high-order statistic characteristics of the wind pressure, the roof of flexible structure and the surface of rigid structure have some similarities that both of these two types of structure show softening nonGaussian characteristics with kurtosis higher than 3, and the kurtosis always rapidly increases along with the increasing of the absolute value of the skewness. However, the difference between them is reflected as the roof of flexible structure shows strong non-Gaussian property in the windward side, while the surface of rigid structure shows non-Gaussian property mainly in the leeward.
(2) From the comparison of the wind pressure correlations between the rigid structure and flexible structure, some regularity results are found as follows: analysis of R1 and R2 tests shows that the correlation of wind pressures between measuring points on the windward side is stronger than that on the leeward side, which is also demonstrated in the flexible structure test. In addition, the wind pressures of the measuring points in parts of the flexible structure are negatively correlated and the time delay in the leeward side of the flexible structure is obvious.
(3) The correlation analysis of the measured wind pressure data of the upper and lower surface of the membrane structure is carried out. Most of the measuring points with negative correlation coefficients are close to the windward side; this type of negative correlation causes a bigger wind pressure root mean square coefficient Cp rms . Therefore, when considering the structural wind load design value, the negative correlation area of wind pressure should be checked.
(4) This paper utilizes the present autospectrum empirical formula to fit the wind pressure power spectrum density of the measured data; the PSD of the rigid structure wind pressures can be fitted nicely; however, the existing empirical formula is not ideal for the fitting of the flexible structure, which needs further study.
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